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> Algemene principes olie en gas > moedergesteente

Moedergesteente

Koolstofrijke afzetting waaruit
koolwaterstoffen kunnen ontstaan

Type | -Algen en plankton ~—  ——  — —==
(marien, oliel) =
(marien, vaak met zwavel) = w

Type Ill - Planten (op het land, steenkool en

gas)



> Algemene principes olie en gas > moedergesteente

Plankton

Benthic

to macro Coarse
burrowed bioturbation

H/C of OM

Figure 5-1
Marine and lacustrine benthic environments. Oxygen contents in ml/l H,O are ¢

n |,suboxic | to 0.1,and anoxic less than 0.1 OM. Types | to IV are defi
6.
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> Algemene principes olie en gas > moedergesteente

Plantenresten

loka or sea with cbundant nuirients

+ oil and ges
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> Algemene principes olie en gas > moedergesteente

Voldoend

Plaattektoniek: dalend!

1. Actieve rift
2. Post-rift daling door gewicht sediment

ess well, 15.7 to north hell well, 19.8 km to North

Few sariﬂstoneé in centre of basin. Most
probably confined to undrilled basin margins

Untested, Lindrilled, basin margiﬁ sandstones




> Algemene principes olie en gas > ‘oil-window’

Genoeg druk en temperatuur!
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> Algemene principes olie en gas > migratie
Migratie

Drijvende krachten achter migratie:

- Drijfvermogen
olie en gas drijven op water, verschil
voor gas groter dan voor olie

- Hydrodynamische stroming
kan de richting van migratie
beinvloeden, vaak klein effect buiten
zones met hoge druk

wrife Unbversizelt  omarerdam %!



> Algemene principes olie en gas > migratie

Niet op oorspronkelijke plek

% Critical moment: 250 Ma |:| Souree rock
RAPHIC_EXTENT OF PETH LEE'F:'--S.ISTEM ‘
e — I:I Resarvair rock

GEOG
Marginal Top oll window

—

Rawven

Top gas window

Direction of petroleun migration

Petroleum accumulation

Line of cross saction

s
* Location used for burial history chart

Thrust bell-sawteeth on upper plate

Fault-hachures on downthrown block

Plunging anticline
EEF{D EDGE ging

RESER"JGI R

Plunninn svneline

GEOGRAPHIC EXTENT OF PETROLEUM SYSTEM

e « s+ Top ol window

e ae Opgaswindow
STRATIGRAPHIC - -
EXTENT OF [ ] overburden rock

Essential
PE;ESQFIEE:'IJM elements - Seal rock
" Line of cross section of ) i
_ petroleum [ ] Reservoir rock —Sﬂﬂgﬂfﬁw
Paetroleum accumulation (&) systemn I:l Sauree rock

-
y Foldeands=thrust belt: arrows
POD OF ACTIVE indicate direction of relative motion I:I Underburdan rock

#  Location used for burial history chant |:| Basement rock

S0OURCE ROCK

Critical moment: 250 Ma
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> Algemene principes olie en gas > migratie 400 300 200 100 Geologic Time

|
PALEOZOIC MESOZOIC [ceEnozOIC| Scale

Petroleum system ;"0 -7 T e

Source Rock

Reservoir Rock

Seal Rock

‘ ‘ Overburden Rock
. Trap Formation

Generation-Migration-
Accumulation

Preservation Time

1 Critical Moment

Figure 3-6. From Magoon and Dow, 1994; courtesy AAPG.

| GEOGRAPHIC EXTENT OF PETROLEUM SYSTEM —|
A Trap 250 Ma  Trap Trap A’
o o
STRATIGRAPHIC

EXTENT OF
PETROLEUM SYSTEM

+ . ' . Essential D Overburden >
+ elements of| % Seal S=
L POD OF ACTIVE petroleum () Reservoir S &
. * SOURCEROCK system E®
! _- Source ° 3

Q

=~ Petroleum accumulation . Underburden | n

Top of oil window
® 8@ Bottom of oil window
1 Location for burial history chart unaMagoon.and Do 1994




> Algemene principes olie en gas > Reservoir

Hoeveel ruimte?

Porositeit (hoeveelheid
gas of olie)

Permeabiliteit (snelheid
migratie)

COZCRC,

i il . Il
vrife Limiversizelt merLrerciarm !!;!




> Algemene principes olie en gas > Reservoir

Welke gesteenten?

Reservoir gesteente

-
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> Algemene principes olie en gas > traps

Traps
Poreus gesteente bedekt door niet-
doorlatend gesteente (seal)

-Sedimentair: uitwiggen of
onconformiteit (tektoniek!)

-Structureel (tektoniek!!!):
plooi of breuk
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> Algemene principes olie en gas > traps > sedimentair

Discordantie
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> Algemene principes olie en gas > traps > sedimentair

Locale vorm

A Lateral depositional B Buried depositional _I
changes relief

Depositional pinchout Submaring fan lobe

Hydrocarbon sccumulation

Flaure 13.7. Primary or depositional stratigraphic traps. () Traps created by lateral changes in sedimentary rock type durir
m l.‘lmiﬂl

E tenmination due to
med by buried depositional reflel. In sach
_ Proximal Distal  quire burlal by younger impermeable section to

Mesa Verde
Group

Castlegate 551
Blackhawk Fm }

Star Poing Sst

Fm = formation

Mb = member
Lst = limestone
500 m| Shi = shale

Sst = sandstone -
merLrerciarm



> Algemene principes olie en gas > traps > structureel

Plooiinc

Anticline

Simplified Geologic Cross-Section of the Cedar Creek Anticline

K/T Boundary K/TBoundary ___

«— WYREX WYREX"—>f tiell Creek

Series of Sediments Deposited from
Pennsylvanian through the Upper Cretaceous

Red River Formation

Cambrian Sediments & Pre-Cambrian
Metamorphic and Igneous

Sarah Larson-fess
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> Algemene principes olie en gas > traps > structureel

Breuken
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Bremer 5

=%
e . Bremer 4

Bremer 2

Bremer 1

05-D02-4

Fluvio-lacustmine
sandstones and mudstoneas

Fluwal sandstones

www.falw.vu.nl/aardwetenschappen

Lacustrine mudstones

Lagoonal - coastal plain
sandstones and mudstones

Calcareous manneg
sedimeants

Migration path
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> Algemene principes olie en gas > seal

Afsluitinc

Liefst elastisch of plastisch: geen breuken,
geen verlies

www.falw.vu.nl/aardwetenschappen wrije Universiteit  amsterdam



> Algemene principes olie en gas

Zwaartekracht
bij regen

www.falw.vu.nl/aardwetenschappen



> Algemene principes olie en gas

Andersom! .\3
Productieboring *
Bouyancy (drijfvermogen) Reservoir

=———

bij olie en gas

Migratie

Olie en gas ontwikkeling M*-

Moedergesteente
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>Opsporing

Draai het om!

Randvoorwaarden duidelijk: op zoek!

Source Single streamer with
hvdrophones

Principle of
2D acquisition

P = Pressure waves [
S = Shear waves

Swrvey lines often
ks apart

Seismic
section
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>0Opsporing

Lijntjes staren

Verbind reflectoren en interpreteer

e

ault

. TROUGH

original width of the Broad Fourteans Basin
width of the area inverted during the Pyrenean Phase




>Q0Opsporing

Borinc

Welke reflectie is wat?

r T A I Tl
i ity
etz

P LT e ]

SECONDS

ol e e, e by s "= P L

www.falw.vu.nl/aardwetenschappen o oy L 208




>Opsporing

Interpreteren

Facies models

150 20 20 0 =
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a0 NORTH Tertiary downfaulting
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————
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Fault Fault Chickerell No. 1

sy System Borehole
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gentle dip south towards Isle of Portland |

-40
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SEISWIEW 13,93

PEG image generated directly from digital source data 5 suppied to UKOGL,

Designed to be viewed at harizenkal scak of 1:25,000 and verkical scale f 10cm per second,

Forfuther details please visit the UKOGL website at www.ukoal org.uk.

<rown Copyright
Reproduced by permission of the Contrller oF Her Majestys Stationery Offioe and the
Secretary of State of the Department of Energy and Climate Changs,

5 kilometres

whle the LK Onshore Geophysical Library has made sl easanable sFforts to use
interpretations made at the tive the data was colected ko ensure the accuracy of this
Seistic image, it does not warrant the inteqrity of the daka. The Library will mt be listle

N CONETact or In tort for any loss, damage, expense or Inkry of anynature ffered by the
User a5 aresult of the use of, of reliance on, this data

(Simple
for a sei
An example seismic image on a section north-south across the Weymouth Anticline, courtesy of the UK Onshore Geophysical Library. g:g‘e:‘?:
Part of the original images has been cut away to reduce the size and some labelling has been added. Go to the website of UK Onshore Calculat
Geological Library - Google "ukogl”, or type in - "www.ukogl.org.uk" for full version and more information. See original for serious work. at the c
(this version has been modified by lan West, 2010 - interpretation of faults etc. shown here is provisional and not accurate) Sﬁ’e:;i:'



Naar 3D!

Voorspellende modellen op basis van
genoemde parameters: reservoir modelling

Conceptual facies model Seismic attribute
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>Opsporing

Rendabel?

e
'3 - " 2
o
or ; 4 L
- am A
X

4-Propertym

% G -', \
8-Production analysis 7-Flow simulation 6-Property upscaling prrm———

SEDIMENTARY BASIN|
Economics
S NOT

PETROLEUM SYSTEM Important

N

Economics PLAY
VERY
Important

[ PROSPECT |
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Toepassingen

Regionale voorbeelden
1. Nederland
2. Midden-0Oosten

Hoe is uit basisprincipes het voorkomen van
gas en olie in deze gebieden te plaatsen?
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Regionale voorbeelden
1. Nederland
Vooral gas, een beetje olie!
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>Regionale voorbeelden > Nederland > Gas

Slochteren!

1. Gas
Hoe is dat daar
gekomen?

spkant :;_._l_n-r_-|.:_1 in m =MNAF

g
¥
2
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>Regionale voorbeelden > Nederland > Gas

Delta’s in het Carboon
N







2700 miljard kubieke meter



P
SOUTHERN
~ ]

A~ LACUSTRINE  ~

1SOLATED BARCHAN SABKHA A~
)nunes_. AND SHEET SANDS NPy
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>Regionale voorbeelden > Nederland > Gas

I I
Varistisch geberg
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>Regionale voorbeelden > Nederland > Gas




>Regionale voorbeelden > Nederland > Gas

3. Perm, Zechstein:
zoutwoestijn: afdekkende
laag

2. Perm, Rotliegendes:
Rode duinzanden in
woestijn:
reservoirgesteente

1.Carboon:
steenkool, tropische
delta: brongesteente

vrife Limiversiget merLrerciarm !!;!
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>Regionale voorbeelden > Nederland > Gas

www.falw.vu.nl/aardwetenschappen

% of
Producers mcm  |(world
total
Russia 650993 21.5
United States | 546 140| 18.0
Canada 183395 6.0
[slamic Rep. of Iran| 106 692 3.5
Morway 90 839 3.0
Algeria g§9970| 3.0
MNetherlands Th33d| 2.5
United Kingdom| 76004 | 2.5
Indonesia 69691 2.3
Peoples Rep, of China |~ 67 746 | 2.2
Rest of the world |1 073 596 | 35.5
World 3031401 100.0
2007 data

Exporters mcm

Russia 191 892

Canada 106 988
Importers mcm

Norway 85 136
_ United States | 130300

Algeria 82 676
Japan 95 627

Netherlands | 55 666
; Germany 88 355

Turkmenistan 51 064
Qatar s 329| "V 33
Indonesia 33554 | [Ukreine 50 087
Malaysia 32039 |Frence 730
United States | 22905] |TUr<eY 35832
Spain 34 474
Rest of the world |219939| | korea g
World 900 188 |United Kingdom | 30837
2007 data Rest of the world | 283 334
World 899 083

*Exports and imponts include pipeline gos and ING

2007 data




>Regionale voorbeelden > Nederland > Gas

Aardgasbaten, 1960 — 2014

16

14

12

Miliarden euro’s

1960 1965 1670 1975 1980 1985 1980 18495
jaar
W Vennootschapsbelasting, raming W Niet belasting middelen, raming

m Vennootschapshelasting Niet belasting middelen

www.falw.vu.nl/aardwetenschappen

2000

2005
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>Regionale voorbeelden > Nederland > Gas

Volume {mid m ® Geq)
o =y

2000 2002 2004 2008 2008 2010 2012 2014 2018 2018 2020 2022 2024 2026 2028 2030 2032 2034

Evenredige profilering preductieruimte Groningen voorkomen (2008 - 2015)

W Verwachte productie uit Groningen voorkomen o.b.v winningsplan (vanaf 2016)
Verwacht aanbod uit nog te ontdekken voorkomens
Verwacht aanbod uit nog niet ontwikkelde voorkomens

W Verwacht aanbod uit ontwikkelde voorkomens

H Historisch aanbod Groningen Voorkomean

8 Historisch aanbod 'kleine velden’

Figuur 2. Gerealiseerde productie van aardgas in Nederland van 2000 -2009 en de productieprognose
voor de periode van 2010 — 2034.
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2. Olie
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>Regionale voorbeelden > Nederland > Olie

Warme zee

2 [ | OI Ie : ‘mﬁ\\. x _ = 3

Moedergesteente: o L
Posidonia schalie
uit vroeg Jura

Veel dierlijke
resten: olie!
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>Regionale voorbeelden > Nederland > Olie

Delta’s

i i s e —— o
o e b L .-"'-'.' T e .-"-. '-.'\-.
2 n OI Ie i e ; .\x -~ :
*
%

Reservoir gesteente: |
Jura en Krijt schalie en zandsteen
(oude delta’s)

Photograph by Annie Griffiths Belt NATIONAL
GEOGRAPHIC

o
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>Regionale voorbeelden > Nederland > O

Delta’s in het Mes
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>Regionale voorbeelden > Nederland > Olie

Aardolieproductie 1960 - 2009

6

miljoen Sm®
[

60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 96 98 00 02 04 06 08

Continentaal plat jaar
Winningsvergunning Rijsw ijk

m Winningsvergunning Schoonebeek
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> Regionale voorbeelden > Midden-Oosten

Regionale voorbeelden

2. Midden-oosten

Iraq' fields op-en for blddlng -

Bai
Proved oil reserves Iraq's total reserves Hassan 7
Billion barrels, 2007 End 2007 . 545 6.5bn Lommercl
— i (barrels)
L Saudi Arabia 115 b N - - il
O . 1117 > - (iasfild
m 1ene I Barrels of oil il pipel
Q World Total = 2.8 TBOE o arels o o — Ol ppene
= 1000 Kuwait 111 950b ﬂ Fotential peak
[1}] UAE E%-a!e o capatity
g Wenezuela Cubic faet of gas i Y & i [ ;]DU h/d)
; ansuriyah  gas
S 800 Russia mﬁs A i & 3.1006n
- Libya -t_:lni.'lhn- 4,500bn " clbic fieet reserves
Kazakhstan cubic feat reserves ey Baghdad
E &00 Eg : [ 275 2.5bn
E A5T Migeria '// IRAQ | v M - Misan
w 0 100 200 300 = : B s
[=] 400 2 | Ty o N :
= Iraq's oil production ! i X
r) 178 Million barrels per day 1.4hn '\ - -q
O 200 75
1980: 1990: 1995: 2003: 2007:
c 28 Iran-lrag Start of  Oil for food Invasion of Troop (ﬂuu-nns) [ 400] \\
g war begins first Gulf war  programme Irag surge
] o 1 1 1 [ 3 1 ! ﬁtahlish_ed ' !
= Ragion 1, Ragion 2, Region 3, Regen 4. Region 5, Aegion &, Asgion 7, Ragion 8, ’ i
E Farmer Ficlclle Aexia Europe Mok Caniral Zub- Saulh 3.0
Sowis! Eastand Pacific Amarica  and  Saharan  Asa R
Usian  MNarth South Alnea 2.5
Adrica Arnaric and 50
Murnber of Antarctica -
il and Gas Total 1.5
Provinces 43 54 1140 44 a0 47 13 15 406 1.0 :
1973: : f 7.3bn
0.5 Naﬂonahsatmn i South
' ! Rumaila 4.0bn
] | Zubair
1973 80 85 50 45 2000 05 08
Fowvces: 8P, lrag OF Minishy Source: Fedralewm Economist: Wood Mackenzle 200 fam

wrife Unbsersioelt  owmrerdam
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> Regionale voorbeelden > Midden-Oosten

Olie-grootmachten!

TURKEY o W W  TYURKMEMISTAN
50°E 60°E Denizii oAntslya @Divarbakr = éyaau ® i~ w,
Y g - 4@ Tabriz _Rasht et e e
o :: @ : | ad
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GEEIean Sed
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=* RedSes

M
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SAUDI
ARABIA

O KILOMETRES 200
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pipeline

41%
Middle East
2681 tcf

40%
Rest of World
=
By 0% Rest of World IRAQ
Middle East 3853 tef
754 bbl Iraq strategic

pipeline
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> Regionale voorbeelden > Midden-Oosten

Hoe komt al die olie daar?

~200 Ma (Early Jurassic)

Tethys ocean current

Trade winds

www.falw.vu.nl/aardwetenschappen wrife Universitelt  amesterdam



> Regionale voorbeelden > Midden-Oosten

Moedergesteente

www.falw.vu.nl/aardwetenschappen wrije Universiteit  amsterdam



> Regionale voorbeelden > Midden-Oosten

Late Jurassic 152 Ma

Freierk Landmass ‘
Madern Lastmass (e

Subduction Jone [triangles polm in e
diraction of sub-duction) {‘r

= Lang stabiele shelf

Lea Floor Spresdng Rioge {I;
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> Regionale voorbeelden > Midden-Oosten

Asian-Alaskan
land hrid_;e

Anciert Landmass '
Modem Landmase (70

Subduction Zone [tranghes paint in the

srecion ot o) G Lang stabiele shelf




> Regionale voorbeelden > Midden-Oosten

NDIAN
OCEA

Ancient Landmass

Modern Landmass

Subduttion Zone [triamgles point in the
direction of subducticon) ‘LI‘

—

Sea Flasr Spresding Fidge J'L




> Regionale voorbeelden > Midden-Oosten

e

e, :
Arcierd Landmass @il -

Modern Landmars 1:_',':]

Subduction Zene (triangles point in the

Emoukelied § Lang stabiele shelf

Swa Floor Spresdng Ridge \I}




> Regionale voorbeelden > Midden-Oosten
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Botsing!
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Centrale deel
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In botsinc
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Bijzonderheden

-niet echt dikke of rijke
moedergesteente

% of
Producers world
total

—-vooral grote en subtiele
structuren (sommigen meer
dan 1000km?2)

—hierdoor ook weinig verlies
door fracturing

—-horizontaal erg efficiente
migratie, want facies zeer
homogeen.

www.falw.vu.nl/aardwetenschappen
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*Includes crude oil, NGIL, feedsiocks, addifives
and other hydrecarbans.
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4D is Multiple 3D

Isosurface of the
PENNZOIL (1985) suvey

Isosurface of the
TEXACO (1988) suwvey

In blue, are the amplitude envelopes
surrounding producing reservoirs in
the Eugene Island Block 330 field as
they appeared in 1985 from a 30
seismic survey acquired by Pennzoil,

In red, are the same reservoirs
imaged by a 3D survey acquired by
Texaco and Chevron in 1988.
Improved technology has lowered
the noise and raised the high

In green, & third 3D survey was shot
by Shell and Exxon in 1992, Motice
the clear shrinkage in size of each
reservoir and the noise-free
definition of the bounds of each
Mobil and BP. frequency components of the images FEServoir.
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Nieuwe technieken

Cros=-1ib06

www.falw.vu.nl/aardwetenschappen
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Veel nieuwe ontdekkingen

UK Oil Fields (Starting Year)
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Maar niet genoeg?

The Growing Gap

[ Past Discovery
1 Future Discovery

-~ Production

ul I I I I I I I I
1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050
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Meer informatie?

http://www.nlog.nl
Nederlandse Olie en gas portal

Delfstoffen en aardwarmte in Nederland
Jaarverslag 2009, ministerie van
economische zaken

www.falw.vu.nl/docenten
Bij KNAGdag 2010 staat deze presentatie!

wrife Unbversizelt  omarerdam %!
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